IntToduction. In recent years there has been a growing interest in the motion and mixing of the deeper waters of the oceans, an interest which has been stimulated in part by the introduction of new techniques such as isotopic tracers and neutrally buoyant Swallow floats. Concurrently, changes in deep waters have been investigated by comparing values of oceanographic variables observed over a number of years. Sufficient time has now elapsed since the early observations so that, within the limits of accuracy of the measurements, it appears probable that long-term changes in water properties can be evaluated. Worthington [1953, 1954, 1955, 1956] found evidence of warming in the deeper waters of the Arctic and Atlantic oceans and in the Caribbean Sea. A study by Robinson [1960] revealed no long-period changes in the water masses of the North and South Pacific oceans.
A major objective of cruises 176 and 199 of M.V. Brown Bear in 1957 and 1958, as a part of the International Geophysical Year program, was to reoccupy certain Carnegie stations in the North Pacific Ocean (Fig. 1 ) and to observe any changes which might have takcn place in the properties of the deep waters during the 29-year interval since 1929.
A comparison of the distributions of physical properties observed during the two periods suggests that real changes may have taken place, but the accuracy of the data is not sufficient to allow us to draw definite conclusions from these two sets of data alone. Therefore, alI the data 1 Contribution 243 of the Department of Oceanography, University of Washington. collected in this region during the intervening years have been included in an effort to determine the reality of the apparent long-term changes.
Distributions of temperature, salinity, and oxygen in the Brown Bear section. Figure 1 shows the combined track for cruises 176 and 199 of the Brown Bear. The broken line indicates the Brown Bear section. Vertical sections of temperature, salinity, and oxygen, based on data from these cruises, are shown in Figure 2 .
Above 2500 m there is a general deepening of isotherms toward the south. At depths less than 1000 m the largest slope of the isotherms occurs between stations 199-8 and 199-29; at depths greater than 1000 m larger slopes occur both north and south of this region. Below 2500 m there is no consistent north-south trend in temperature. A temperature minimum occurs at an average depth of 3750 m. An interesting temperature structure that is probably related to the currents through the Aleutian chain is present in the Aleutian trench area at depths less than 1000 m.
In this section, a slight salinity minimum is found between stations 176-30 and 199-27, at each depth in the range 50 to 3000 m. A second minimum occurs in the Aleutian trench area. At depths greater than 3750 m, the salinity is 34.69 ± .01 per mil for the entire section.
Minimum oxygen concentrations occur at depths between 600 m and 1000 m. The vertical oxygen gradients above the oxygen minimum are greater to the north of station 199-8 than to the south. [Sverdrup, Fleming, Soule, and Ennis, 1944] extend only to 2500 m and thus cannot be compared with the more recent observations to determine whether there has been a change in the deep and bottom water of the eastern North Pacific Ocean during the period 1929 to 1958, Above 2500 m the Carnegie and Brown Bear temperature and salinity profiles are generally similar.
A comparison of the Carnegie and Brown Bear salinities and temperatures shows some differences between the two sets of data, but these differences are neither sufficiently large nor sufficiently clear-cut to positively indicate changes in the water during the intervening period. However, the data do not rule out the possibility that changes have occurred.
Investigation 0/ secular changes in water properties. To investigate further the possibility of secular changes in water properties, all deepwater data for the eastern North Pacific Ocean . covering the years 1929 to 1958 were analyzed. Before use, .these data were carefully screened and all obviously erroneous values were discard.ed. It was necessary to restrict consideration to changes occurring above approximately 1500 m because the accuracy of the data prohibited resolving any differences at greater depths. The most satisfactory method found for characterizing the water properties in this area was the system used by Sverdrup and Fleming [1941] off the coast of southern California. Temperaturesalinity curves for subarctic and equatorial water masses were drawn, and a grid was constructed showing curves of fixed percentages of subarctic water (Fig. 3) . Data from the months of March through October (1929 October ( -1958 at locations near the Carnegie stations were analyzed to determine the percentages of subarctic water on the surface u, = 27.50. The results were read with an estimated accuracy of 5 per cent.
There are several advantages in using this the two water masses which is independent of depth would be indicated by a percentage of subarctic water constant with depth but not by a value of salinity constant with depth. A change with depth in percentage of subarctic water requires a change with depth in either the advective or mixing processes or possibly a change in both. The determination of the percentage of subarctic water at a particular value of CT" rather than at a particular depth, eliminates the variation due to internal waves and errors in depth determination. In judging the significance of any apparent changes in percentage of subarctic water, it must be remembered that, at a CT, value of 27.50 and within the important percentage range, a 10 per cent change in subarctic water is equivalent to a 0.02 per mil change in salinity at a fixed temperature. Likewise, at a CTe equal to 27.25, a similar 10 per cent change in subarctic water is equivalent to a 0.05 per mil change in salinity at a constant temperature. o N, 124°W (the regions of most intense sampling). The station data were treated as described above to determine the percentage of subarctic water on the CT, 27.25 and 27.50 surfaces. The percentages of subarctic water at the four locations were obtained by contouring and interpolating the percentages found at surrounding stations (Fig. 5) . Compared with the previous results, it is immediately evident that this averaging process has decreased the range of variation found in the percentage of subarctic water. Now, however, points shown on the curves cannot be considered to have equal weight, since they depend upon different numbers of observations.
Because of the paucity of data it is not possible to determine whether the rather large apparent year-to-year fluctuations are significant or whether they are the result of errors in the data. To find whether a long-term trend existed, the data were tested as described below.
All the data for each location were split into two samples, one for the years 1929-1941 and the other for the years 1949-1959. Means and standard deviations were computed for each sample, and then Student's t test [Brooks and Carruthers, 1953] was applied to determine whether the changes in mean values were significant. The results are shown in Table 1 .
Consider, first, the (1', 27.50 surface: At 47°N, 126°W, and at 36°N, 124°W, the probabilities are greater than 0.1 that the differences in means between the two samples are due to random fluctuations in the data. These findings suggest that there has been no significant change in water composition over this time interval. However, at 34°N, 128°W, and at 33°N, 123°W, the similar probabilities are less than 0.01, and there is the possibility that at these locations the differences between the 1929-1941 and 1949-1959 means represent a real decrease in the percentages of subarctic water. The possibility that a change in calibration standards was the cause of the apparent change in water characteristics is unlikely, since the data for the three locations-33°N, 123°W; 34°N, 128°W; and 36°N, 124°W---come largely from the same sources, and two of them show a change while the third does not. The results for the (1', 27.25 surface indicate less change than that noted at the (1', 27.50 surface. The three northern stations show probabilities greater than or equal to 0.1 that the changes are due to random fluctuations in the data. The southern station at 33°N, 123°W, shows a corresponding probability approximately equal to 0.05.
These results are in agreement with the conclusions of Robimon (1960] that the properties of individual water masses in the North Pacific have remained unchanged during this interval of time, and yet they suggest a displacement of the transition zone between the subarctic and equatorial water masses in the region of the California current. Nevertheless, when the small range of salinity represented by the indicated differences is considered and the fact that the data were not collected in a manner particularly well suited to this type of investigation is taken into account, it is very desirable, before drawing any conclusions, to obtain corroborating evidence of the indicated changes. 
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• 33°N, 123°W, and 34°N, 128°W , but not at 36°N, 124°W. However, the transports for these two years do lend support to the hypothesis that a decrease in the percentage of subarctic water occurred at these locations during this 29-year period.
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It is interesting to speculate on the probable causes of the variations in the California current system. Reid, Roden, and Wyllie [1958] have discussed this point and have shown that there was a greater northerly component of wind off the California coast during the period 1950-1956 than during the period 1920-1938. To determine the effects of this change in the wind it is necessary to review briefly the dynamics of the California current system. Munk [1950] has shown that the transport of the California current system can be related to the curl of the wind stress. The wind in this region is prevailing northwest with a maximum velocity located several hundred kilometers off shore. The transport in the California current system, accordingly, must be southerly to the west of this wind stress maximum and must have a northerly component inshore of this maximum. The total transport, as determined by the curl of the wind stress, is composed of two parts: (1) the Ekman drift due to the surface wind stress and (2) the geostrophic transport. With northwest winds, the Ekman transport will be directed toward the southwest, and thus, with northerly or even zero total transport, there must be a northerly component of geostrophic transport. This condition is realized with a southerly component of geostrophic flow in the surface layers and a reversal in the direction of geostrophic flow at depth. Since an increase in the wind stress will probably increase the magnitude but not the distribution of the wind-stress curl, an increase in the northerly component of wind will increase the southwesterly Ekman transport and the magnitude of the southerly and northerly total transports. Under these conditions it is evident that, for an increase in the northerly component of wind, the geostrophic transport in the countercurrent region must show an increased transport toward the north, which occurs predominantly below the surface layers. There is thus a good correlation between the change in wind and the change in the geostrophic flow of the California current occurring between 1929 and 1958. However, a quantitative relationship awaits a much more thorough investigation of the whole question.
Conclusions. A comparison of conditions in the eastern North Pacific Ocean during the years between 1929 and 1958 shows that· the properties of specific water masses have not changed. However, a shift in the transition zone between subarctic and equatorial water off the coast of California is suggested by changes in the water properties at adjacent locations. This change correlates with a decrease in the southeasterly component of flow of deeper water in the California current system. It appears that changes in the flow of the California current system correlate with changes in the local wind patterns, but more work remains to be done on this relationship.
The major difficulty in our analysis has been the lack of any systematic sampling of the deeper waters in this region. Deep stations have been occupied infrequently, and not at all on a regular basis suitable for a time-series study. Nevertheless, it has been shown that long-term changes in water properties can be expected which correlate with wind-induced changes in the California current system and that an understanding of the effect of the wind on the California current system cannot be based upon changes occurring in the surface layers alone but account must be taken of the changes occurring at depth.
